SUMMARY
INTRODUCTION
The mortality rate is as high as 40% in patients admitted to the intensive care unit due to sepsis (1) . High mortality rate is a consequence of organ injury associated with an impaired tissue perfusion (2) . Early intervention and institution of appropriate antibiotherapy and fluid resuscitation as early as possible, would be life-saving on the face of high mortality associated with sepsis.
Adrenomedullin (ADM) is a peptide initially isolated from pheochromyctoma and adrenal medulla (3).
Adrenomedullin is expressed in a wide range of tissues such as; lung, adrenal medulla, ventricle, kidney and it has vasodilator effects on vascular endothelial system (4) . Elevated plasma level of ADM is observed in many diseases such as chronic obstructive lung disease (COPD), asthma, heart failure, acute myocarde infarction, renal failure, etc (4) . Of all these conditions, greatest increase in plasma adrenomedullin level is observed in sepsis, and increased plasma level of ADM is thought to be responsible for the hypotension in septic shock (5) (6) (7) .
In previous studies it was demonstrated that ADM level is superior to some other biomarkers, such as C-reactive protein (CRP), complete blood count (CBC), procalcitonin, pro brain natriuretic peptide (Pro BNP), acute physiology and chronic health evaluation II (APACHE II) score, in determining the mortality in sepsis (8) (9) (10) (11) . Adrenomedullin is very highly expressed in adrenal gland in both zona glomerulosa and adrenal medulla, that's why we think that for elevation of plasma ADM level there should be adequate adrenal response (12, 13) .
Adrenomedullin is a valuable marker in the prediction of mortality in sepsis. Our primary outcome in this study was to evaluate the plasma ADM level in patients with adequate adrenal function, and the relationship of increased plasma ADM level and mortality in sepsis. And the secondary outcome of this was to evaluate the association between CRP, CBC, proBNP, APACHE II score and mortality in sepsis patients.
MATERIALS and METHODS
This is a prospective study performed in intensive care unit (ICU) of Marmara University between January 2013 and December 2013. 48 patients (28 females, 20 male), who were admitted to the intensive care unit due to sepsis according to surviving sepsis campaign criteria, included in our study. Demographic features of the patients, comorbidities (hypertension, diabetes, cancer, etc.), and therapies initiated after admission to the intensive care unit were evaluated ( Table 1) . The study was approved by the ethics committee of the university, and first-degree relatives of the patients provided consent for the study. All patients admitted to the intensive care unit underwent a physical examination. Vital findings on admission (temperature, pulse, blood pressure) were recorded, and routine blood tests, biochemistry, and arterial blood gase analysis were obtained. The APACHE II score was calculated at first 24 hours of admission to ICU. Survival status was evaluated on daily controls, and by phone call at 28 th day after first admitted to ICU for patients discharged from hospital. After admission to the ICU, blood samples were collected into EDTA-tubes and biochemistry tubes, then samples were centrifuged at 3000 rpm for 5 minutes and stored at -80°C. Adrenomedullin levels were measured using enzyme-linked immunosorbent assay (ELISA) method. The ADM assay is one-step sandwichcoated tube chemiluminescence immunoassay, based on Acridinium NHS-ester labeling for the detection of human ADM in unprocessed, neat plasma. For determining adrenal insufficiency, after baseline blood samples collected, basal cortisol level measured. Then 1 mg of synthetic adrenocorticotrophin hormone was injected intramuscularly; finally 30 minutes after injection, blood sample was collected again, and if increase in serum level of cortisol was less than 9 μg/dL, it was accepted as adrenal insufficiency. Patients who had normal or high levels of cortisol, but did who did not respond to synthetic ACTH, were also accepted as adrenal insufficient ones. In order to avoid interference with the cortisol levels; patients, who received methylprednisolone as part of the sepsis therapy, were not included in the study. Similarly, patients with a known class III-IV heart failure and creatinine levels above 1.5 mg/dL were excluded from the study in order to avoid interference with proBNP results, and only blood samples collected before the institution of fluid resuscitation were evaluated in the study." SPSS 21.0 and Med Calc statistical software packages were used in the statistical analysis. Descriptive statistics (frequency, percentage, mean, standard deviation) were used to evaluate study data. The independent samples t-test was used to compare parameters between the groups. One-way ANOVA test was used to compare parameters between more than one groups, and Bonferroni test was used to determine the group that showed significant difference. The ROC curve analysis was performed to determine cut-off levels of the parameters, and sensitivity and specificity were calculated based on the cut-off value.
RESULTS
This study prospectively evaluated the medical records of 48 patients who were admitted to the intensive care unit due to sepsis. Twenty-eight (58%) of them were females and twenty (42%) were males. The demographics and results data are shown in Table 2 . Fifteen (31%) of the patients were non-survivors and thirty-tree (69%) were survivors, who were later discharged from the intensive care unit. When the relation between admission diagnosis and mortality was evaluated, patients admitted due to pneumonia had significantly higher mortality rate (p= 0.011).
The main objective of the study was, first determining adrenal deficiency and then evaluating relation between ADM level and mortality in sepsis patients. Among non-survivors median ADM level was 60.8 ng/L in patients who had adequate adrenal response to ACTH stimulus, and 20.1 ng/L in patients who had adrenal deficiency. Relation between adrenonomedullin and mortality in situation of adrenal deficiency was not statistically significant (p= 0.068), on the other hand with adequate adrenal response there was linear and statistically significant relationship between adrenomedullin and mortality (p< 0.001). The median ADM level was 41.7 ng/L among non-survivors and 13.9 ng/L among survivors ( Figure 1 ). In those patient who were not adrenally insufficient, there was a linear and significant relation between ADM level and mortality (p< 0.001). APACHE II score is the most commonly used and most valuable scoring system used to predict mortality in intensive care unit patients. As expected, APACHE II score was higher in non-survivors in our study. The median APACHE II score was 27.8 in non-survivors and 16.9 in survivors (p< 0.001). Cut-off value for APACHE II score and ADM were calculated by using ROC curve and the correlation between these two parameters was evaluated (Figure 2 ). The mortality rate showed a significant increase when ADM level was > 30.19 ng/L and the AUC in ROC curve analysis was 0.713 for adrenomedullin (Figure 2 ). The mortality rate showed a significant increase when APACHE II score was > 21 and the AUC in ROC curve analysis was 0.884 for APACHE II score. In order to prove the value of ADM in mortality of sepsis patients, we evaluated the correlation between ADM and APACHE II score, and there was a significant correlation between these two parameters (p< 0.001, Pearson's correlation coefficient= 0.487) (Figure 3 ).
In addition, attempts were made to show relationship between mortality and biomarkers such as proBNP and CRP, which are considered to predict mortality, and complete blood count (CBC). The median proBNP level was 12202.0 pg/mL in non-survivors and 1882.2 pg/mL in survivors, as expected nonsurvivors had significantly higher proBNP levels (p< 0.001). The cut-off value for proBNP was 3736 pg/mL and the AUC in ROC curve analysis was 0.703 for proBNP (Figure 2 ). Although the median CRP value of 201.8 in non-survivors was higher compared to survivors (155.0), the difference was not statistically significant (p= 0.145). The relationship between the studied parameters and mortality is presented in (Table 3) . There was no relationship between mortality and leukocyte count (p= 0.286), lower hematocrit (p= 0.964) and trombocyte (p= 0.573) level (Table 3) .
We also attempted to perform risk calculation in these patients. In univariate logistic regression analysis, ADM, proBNP, and APACHE II score appeared as factors influencing mortality (p< 0.05). The risk of mortality was 7-fold higher in patients with adrenomedullin level > 30.1 ng/L, 4.2-fold higher in patients with proBNP level > 3736 pg/mL, and 7.8-fold higher in patients with APACHE II score > 21. Multivariate logistic regression analysis was performed at this stage. APACHE II score was removed from the model since it rendered the model meaningless by causing multiple linear correlations. The risk of mortality was 6.1-fold higher in patients with proBNP level > 3736 pg/mL. Adrenomedullin level > 30.1 ng/L was not significant in multivariate analysis (Table 4) .
DISCUSSION
The present study mainly attempted to evaluate the relationship between ADM levels and mortality in patients with sepsis and adrenal insufficiency. The median ADM level was higher in patients with complete adrenal response after ACTH stimulation in the non-survivor group when compared to patients without response to ACTH stimulation. We wanted to prove with this study, if there is not adequate adrenal response, ADM level is not correlated with mortality of sepsis patients. There is not much literature support in adrenal function and ADM level. Worth at al, evaluated adrenal function and ADM level in plasma, they did not show any difference in ADM level in case of hyperaldesteronism and adrenal insufficiency (14) . In this study, we found an increase in plasma ADM levels in patients with sepsis. The mortality increased with increasing plasma ADM level. The studies in the literature suggested that increased plasma ADM level in the intensive care unit patients with sepsis was superior to procalcitonin and CRP that reflect infection status of the patients and offer a more valuable tool in predicting mortality (8) (9) (10) (11) . In a study that compared survivors and non-survivors, plasma ADM levels were found to be higher in non-survivors compared to survivors (15) . By using ROC curve we tried to calculate a cut-off level for ADM; when the level of ADM is over 30.1 ng/L it predicts mortality with 73% sensitivity and 100% specificity. In a similar study, ADM level had 71.4% sensitivity and 72.7% specificity in predicting mortality (16) . In another study cut off value of ADM was calculated as 41.2 ng/L in prediction of mortality (17) .
The statistical analysis in the present study showed that APACHE II score was superior to ADM in predicting mortality. Although a positive correlation exists between APACHE II score and ADM, APACHE II score remains the most valuable tool in predicting mortality. Similar studies in the literature support this finding. A study similar to the present study compared ADM level and other prognostic markers of sepsis (ie. upar, procalcitonin) and concluded that APACHE II score was the most valuable marker of mortality, and ADM did not perform well as APACHE II score in predicting prognosis (10) . Similar to our findings, Travaglino et al. suggested a direct correlation between APACHE II score and ADM level (18) .
The study showed that the mortality rate was significantly higher in patients with APACHE II score of 21 and over (sensitivity, 93.3%; specificity, 84.8%). Similarly, in a prospective study by Fadaizaeh et al. that evaluated 415 intensive care unit patients, those with APACHE II score of 27 or over had higher mortality rate, and Richards et al. evaluated 278 patients and reported that patients with APACHE II score of 25 or over had higher mortality rate (19, 20) .
The median CRP value was 155.0 mg/dL in survivors and 201.8 mg/dL in non-survivors. The statistical analysis did not show a significant relationship between CRP level and mortality (p= 0.145), and we were therefore unable to determine a cut-off level. An increase in CRP level is anticipated in a patient with sepsis due to inflammatory response of the body.
Many other studies have also demonstrated increased CRP levels in patients with sepsis (21) (22) (23) (24) . We found that mortality rate significantly increased when proBNP levels were above 3736 mg/dL. There are many studies in the literature suggesting a direct correlation between proBNP levels and mortality in patients with sepsis (25) (26) (27) (28) (29) . Plasma proBNP levels increase with increasing cardiac load and atrial strain; as it would be expected, proBNP levels increase in cases with an increase in the volume load. Therefore, proBNP levels before initiation fluid resuscitation must be taken into consideration while establishing a relationship between proBNP and mortality.
In conclusion although it is not as valuable as APACHE II score, ADM is a very valuable prognostic marker in sepsis patients. ADM level reach higher levels in sepsis only if there is adequate adrenal function; therefore we think that but before measuring ADM level in plasma, first we should evaluate adrenal function.
Limitations
The present study was a single-centre research and contained a small sample size. Larger sample and multicentre clinical studies will be needed to further investigate the results especially in adrenomedullin level by taking in consideration of adrenal function.
